Accretion rates of muscle protein are elevated in normal neonates but this anabolic drive 2 decreases with maturation. As this change occurs, it is not known whether development also 3 influences muscle protein catabolism induced by sepsis. We hypothesize that protein 4 degradation in skeletal muscle induced by endotoxemia becomes more severe as the neonate 5 develops. 
INTRODUCTION 1
Skeletal muscle catabolism is a crucial feature in the metabolic dysregulation that accompanies 2 systemic inflammation and sepsis (2; 10; 32). During sepsis, increased amino acid (AA) flux 3 from skeletal muscle are needed to provide substrate for an overall increase in whole body 4 protein synthesis necessary to sustain the systemic inflammatory response (11). In skeletal 5 muscle, sepsis and inflammation alter the molecular pathways that regulate the maintenance of 6 muscle mass, by two mechanisms: 1] By diminishing the response to hormones and nutrients 7 (e.g., insulin and AA) that stimulate protein deposition (12; 15); and 2] By decreasing baseline 8 rates of protein synthesis and enhancing protein degradation to allow an AA flux to stream into 9 the systemic circulation (10; 43). Thus, similar to cachexia and in contrast to starvation, the loss 10 of muscle associated with sepsis is unresponsive to exogenous nutrient support (7; 20). The 11 sustained imbalance between muscle protein synthesis and protein degradation and the absent 12 response to nutrients eventually lead to muscle atrophy and loss of lean body mass (43), which is 13 associated with increased morbidity during acute illness (10; 20) and with growth failure in 14 children (7). Therefore, the molecular mechanisms that regulate protein synthesis and 15 degradation in muscle during sepsis and inflammation, independent of nutrient and anabolic 16 stimulation, are important therapeutic targets to limit the loss or promote recovery of skeletal 17 placed in a sling restraint system, and concentrations of whole blood glucose and plasma insulin 20 were obtained. The LPS group received a continuous infusion (10 µg•kg Waters, Milford, MA) as previously described . α-Actin in plasma was determined by protein 6 electrophoresis and antibody immunoblotting as described below, and its abundance was 7 normalized by the total protein content of the plasma sample, which was determined using 8 bicinchoninic acid (36). All animals were euthanized with an intravenous dose of pentobarbital 9 sodium (50 mg/kg body wt) 8 h after the LPS infusion began. 10
Protein immunoblot analysis. Muscle homogenates were separated on polyacrylamide 11 gel electrophoresis (PAGE) and were analyzed at the same time in triple-wide gels (C.B.S. 12 Scientific C., Del Mar, CA) for protein electrophoresis and antibody immunoblotting as 13 previously described (26). Phosphorylated forms of the signaling proteins were compared to 14 their abundance, i.e., the total content of the respective protein, for normalization. Non-15 phosphorylated forms of the signaling proteins in muscle were compared to the abundance of β-16 actin. The antibodies used in the immunoblotting process were PKB (total and Ser between group analyses) was used to assess the interaction between LPS and maturation on 4 muscle protein degradation markers (Minitab Inc. for Windows). Treatment was the grouping 5 factor for different parameters. If an effect was found by GLM, the difference among groups 6 was determined by one-way ANOVA. Results are presented as means ± SE. Probability values 7 of <0.05 were considered statistically significant. 8 9
RESULTS

10
Circulating hormone and substrate concentrations in response to LPS. Circulating 11 insulin concentrations in response to 8 h of endotoxin in 7-and 26-d-old pigs were reported 12 previously (29) and are presented here for reference. After a 14-16 h of fasting, baseline plasma 13 insulin levels were higher in 26-than in 7-d-old pigs (Controls: 7-d-old: 1.8 ± 0.5, 26-d-old: 3.1 14 ± 0.7; LPS: 7-d-old: 1.5 ± 1.0, 26-d-old: 2.4 ± 0.4 µU/ml; P < 0.05). LPS induced a more robust 15 insulin elevation in the 26-d-old animals compared to 7-d-old pigs (7-d-old: control: 1.6 ± 0.3, 16 LPS: 1.0 ± 0.1; 26-d-old: control: 4.2 ± 1.1, LPS: 9.5 ± 1.9 µU/ml; P < 0.05). We have reported 17 in previous studies using pancreatic-substrate clamps that fasting insulin concentrations in the 18 normal newborn pig are below 5 µU/ml (27) . 19 LPS raised circulating concentrations of total AA in 26-d-old pigs mainly by increasing 20 non-essential AA (NEAA) (P < 0.05, Table 1 ). While LPS raised circulating concentrations of 21 total NEAA in 7-d-olds as well, this effect was more robust in the 26-d-olds, thus interaction 22 between age and the response to LPS was not found, except for ornithine and proline. Plasma 23 levels of some NEAA, such as cysteine, glutamine, glycine, and proline were higher and tyrosine 1 concentrations were lower in 26-than 7-d-old pigs. LPS increased plasma concentrations of 2 alanine, asparagine, citrulline, glutamine, ornithine, proline, tyrosine and taurine (P < 0.05, Table  3 1). Concentrations of many EAA, such as arginine, isoleucine, leucine, threonine, and valine, 4
were lower in 26-than 7-d-old pigs. LPS induced a decrease in arginine, isoleucine, leucine, and 5 lysine concentrations in 7-d-old pigs, increased circulating histidine in both age groups, and 6 raised lysine concentrations in 26-d-old pigs only. BCAA (BCAA; isoleucine, leucine and 7 valine) were lower in 26-compared to 7-d-old pigs, and LPS reduced BCAA in the 7-, but not in 8 the 26-d-old pigs. Since LPS decreased many EAA in 7-, but increased some others in 26-d-old 9 pigs, we found interaction between the modification imposed by age and the response to LPS on 10 EAA, but not for EAA (P < 0.05, Table 1 ). Since the final blood sampling occurred after the 11 tracer infusion and phenylalanine concentrations were greatly altered by the 3 H-phenylalanine 12 used as a tracer, the sampling for phenylalanine occurred only before the tracer infusion. only, indicating an interaction between age and LPS (P < 0.05, Fig 1A) . Plasma full length (42 16 kDa) α-actin abundance was greater in 7-than in 26 d-old pigs, but it was not affected by LPS. 17 Similar to 3-MH, LPS increased the plasma full length α-actin abundance in 26-d-old pigs only 18 (P < 0.05, Fig 1B) . 19 PKB and AMPK phosphorylation in muscle in response to The relative phosphorylation of PKB (the phosphorylated form corrected by the total abundance 21 of the protein) was higher in 26-when compared to 7-d-old pigs, likely as a consequence of the 22 higher fasting insulin levels found in the older animals (P < 0.05, Fig. 2A ). 26-d-old pigs had 23 lower PKB abundance when compared to 7-d-old pigs (P < 0.05, Fig. 2B ). LPS did not affect 1 PKB abundance or phosphorylation in either age group ( Figs. 2A and B) . LPS induced AMPK 2 phosphorylation in both age groups (P < 0.05, Fig. 2C ), which did not differ between 7-and 26-3 d-old pigs. AMPK abundance was not affected by LPS or age (P > 0.05, Fig. 2D ). 4
Fox0 phosphorylation in muscle in response to Phosphorylation of Fox0s cause their inactivation in the nucleus, their release from DNA, and 6 their translocation to the cytoplasmic compartment, decreasing the transcription of genes 7 encoding proteins involved in protein degradation, such as atrogenes (22; 27). LPS decreased 8 
Activation of NFκB and caspase 3 in muscle in response to LPS in 7-and 26-d-old pigs.
14 LPS increased NFκB phosphorylation in both 7-and 26-d-old pigs (P < 0.05, Fig. 4A ), but the 15 response was more robust in the older pigs. The abundance of pro-caspase 3 was greater in 7-16 than in 26-d-old pigs. LPS decreased pro-caspase 3 abundance in 7-, but increased it in 26-d-old 17 pigs, indicating an interaction between age and LPS (P < 0.05, Fig 4B) . LPS increased the 18 activated (cleaved) form of caspase 3 in both 7-and 26-d-old pigs. Activated caspase 3 was 19 higher in 7-than 26-d-old control pigs (P < 0.05, Fig. 4C ). 20
Proteosomal degradation and cleavage of muscle α-actin in response to LPS in 7-and 21
26-d-old pigs. LPS increased the abundances of E3 ubiquitin-ligases associated with 22
proteosomal degradation, atrogin1 and MuRF1, in both age groups. Atrogin1 abundance was 23 12 higher in 26-compared to 7-d-old control pigs (P < 0.05, Fig. 5A and B). LPS increased the 1 abundance of cleaved (14 kDa) α-actin in muscle in both age groups, and this response was more 2 robust in 26 d-old pigs (P < 0.05, Fig 6A) . Moreover, LPS increased plasma cleaved α-actin 3 abundance in 26-d-old pigs only (P < 0.05, Fig 6B) . 4
The sepsis-induced failures of the mechanisms that regulate muscle growth have been 7 studied extensively in adult and mature organisms (15; 35). Muscle anabolic drive decreases as 8 the animal matures (4), towards conditions of minimal synthesis and anabolic response (6). 9
Given that the increase in muscle mass is greater than that of the body as a whole during the 10 immediate post-natal growth (3), and that sepsis and inflammation accelerate degradation and 11 decrease protein synthesis in mature muscle (10; 15; 32), it is reasonable to expect 12 developmental modifications in muscle protein degradation induced by inflammation as 13 individuals grow from the immediate post-natal period to maturity. Neonates possess a high 14 anabolic drive in muscle to sustain rapid growth (3), which is driven by a post prandial protein 15 synthesis rate that is higher than that of protein degradation and allows protein accretion in 16 muscle (3; 25). In the neonate, high rates of muscle protein synthesis and high rates of protein 17 turnover allow the AA released from the degradation of proteins to reincorporate into the muscle, 18 a process recognized as muscle remodeling, which has been reported to occur in mature muscle 19 but has not been investigated in relation to growth (9; 30). Using pigs as a model of the growing 20 human neonate, we examined the intrinsic mechanistic alterations caused by endotoxin on the 21 regulation of muscle protein degradation, without the antagonism of post-prandial anabolic 22
13 stimulation. Our study shows that the effect of LPS on muscle protein catabolism increases in 1 severity as the neonate matures. 2
LPS augments plasma total AA concentrations, 3-MH and full length α-actin in 26-but 3 not in 7-d-old pigs.
In the current study, LPS induced higher fasting plasma insulin 4 concentrations in 26-d-old pigs, concomitant to higher total AA concentrations, suggesting that 5 insulin concentrations below the post-prandial range do not restrain the net total body AA efflux 6 in the presence of LPS in more mature animals. In healthy neonatal pigs, insulin augments 7 whole body AA disposal and induces a fall in total AA concentrations to allow protein 8 deposition in muscle, but it does not affect liver protein synthesis (24; 27). In contrast, LPS 9 increases insulin and decreases BCAA plasma concentrations and neonatal pigs (28; 40), likely 10 due to LPS-induced pancreatic insulin secretion (14) and an increase in whole body AA 11 utilization due to increased liver protein synthesis (26). Therefore, the appearance of higher total 12 plasma AA concentrations in LPS-infused 26-d-old pigs may be driven by the systemic 13 inflammatory response. 14 In the current study, 7-d-old control pigs had higher BCAA and EAA plasma appearance 15 in response to fasting when compared to 26-d-old pigs, suggesting that neonatal animals 16 primarily mobilize EAA during food deprivation. Endotoxemia in neonates appears to 17 preferentially deplete plasma EAA when compared to older pigs. In 26-d-old pigs, LPS induced 18 a more robust rise in plasma NEAA, as well as elevation of AA that are considered nitrogen 19 shuttles between muscle and liver (38). This may suggest that neonatal animals may require 20 further EAA supplement in the presence of acute sepsis, while in more mature animals, in which 21 EAA do not appear to be limiting, it may become necessary to reverse a more apparent state of 22 insulin resistance that does not restrain protein catabolism and nitrogen flux from skeletal 1 muscle. 2
Since a significant fraction of the plasma AA pool comes from tissues other than muscle, 3 correlation among several muscle markers are needed to interpret a catabolic response. Similar to 4 the increase in total AA in 26-d-old pigs in plasma, LPS increased the appearance of 3-MH and 5 full length and cleaved α-actin. 3-MH, a component of the myofibrils that is liberated when the 6 muscle structure is damaged or degraded, has been linked to proteolysis and muscle degradation 7 in humans (33; 41), and released 3-MH is not metabolized and is excreted in the urine (34). In 8 contrast to 26-d-olds, LPS reduced plasma 3-MH in 7-d-old pigs, similar to the drop seen in 9 BCAA. Since 3-MH can be stored as balanine in pig muscle, but not in humans (33), such 10 reductions may suggest that accretion of 3-MH and BCAA in muscle was not impaired by LPS 11 in neonatal pigs. Similarly, LPS did not affect plasma full length (42 kDa) α-actin abundance in 12 of 7-d-old pigs. Since full length α-actin abundance in plasma was higher in 7-than in 26-d-olds, 13 the results may indicate that the higher degradation rates and rapid muscle turnover required to 14 sustain protein accretion, muscle remodeling, and the rapid increase in muscle mass 15 characteristic of the neonatal period (9) cannot be accelerated by LPS in neonatal pigs. α-actin is 16 also a component of the muscle fiber that is liberated when the muscle structure is damaged or 17 degraded, and has been linked with muscle damage during injury in animals (18; 44). Some had 18 advocated that the cleaved fraction of α-actin (14 kDa) can be used as a tool to assess muscle 19 protein degradation in humans (44). Although α-actin in plasma may derive from tissues other 20 than muscle, in our study, LPS increased cleaved α-actin abundance in both muscle and plasma 21 of 26-d-old pigs, supporting increased activation of degradation signaling in muscle. All 22 together, these findings suggest a high muscle turnover rate in healthy neonatal pigs that is not 23 augmented by LPS, distinct from accelerated muscle degradation induced by LPS in more 1 mature animals. 2
LPS impairs cellular energy and activates proteosomal degradation signaling in muscle. 3
We have shown for the first time that LPS augmented the relative phosphorylation of AMPK, an 4 event associated with low energetic balance in the cell (23). AMPK phosphorylation or 5 abundance was not affected by age, suggesting that the effects of LPS on AMPK signaling are 6 specific to endotoxin (23), and not modified by development. Increased AMPK phosphorylation 7 has also been associated with activation of proteolytic pathways in muscle (13; 23). AMPK 8 activation during experimental sepsis has been shown to increase Fox01 mRNA transcripts in 9 cell culture (23), which has been associated with activation of protein degradation by the 10 ubiquitin-proteosomal pathway in muscle (21). Similar to AMPK, the LPS-associated increased 11 in the abundance of E-3 ligases coupled with proteosomal degradation, MuRF1 and atrogin1, in 12 both 7-and 26-d-old pigs, suggest events specific to sepsis and not modified by development. 13
In 26-d-old pigs, LPS reduced the phosphorylation of Fox01 and -4, which enhances 14 proteolytic activity. While age did not affect Fox04 phosphorylation, 7-d-old pigs had higher 15 Fox01 phosphorylation than 26-d-olds, despite higher insulin concentrations and increased PKB 16 phosphorylation in muscle (22). It has been suggested that insulin regulates protein degradation 17 via atrogin 1 expression through PKB and Fox01, while Fox04 responds to inflammatory 18 mediators such as TNF-α (21). In our study, even though PKB phosphorylation was relatively 19 higher in 26-d-old when compared to neonatal pigs, physiologically the animals remained in a 20 fasted, non-stimulatory state, in which PKB is not able to stimulate translation signaling due to 21 fasting insulin concentrations (29). Moreover, PKB phosphorylation did not change with LPS 22 administration in 26-d-old pigs despite the LPS-induced elevation in insulin levels, suggesting 23 decreased susceptibility to inactivation of Fox0 proteins in response to insulin in more mature 1 animals when compared to neonates. The results imply that, in conditions lacking nutrient 2 stimulation, LPS can induce signal activation of protein degradation in skeletal muscle in 3 neonatal and older animals, and some of these events may suggest a point for insulin resistance 4 downstream of PKB in the more mature animals. 5
LPS activates NFκB and increases activated caspase 3 abundance in muscle. LPS 6
increased NFκB phosphorylation and cleaved caspase 3 abundance in both age groups, 7
suggesting an intrinsic degradative pathway triggered by inflammation and damage (1; 30) and 8 this was not affected by development. In this regard, greater abundance of pro-caspase 3 in 7-d-9
old pigs may imply a larger myofibrillar degradation machinery in muscle of the 7-compared to 10 the 26-d-old pig (16). The decrease in pro-caspase 3 in response to LPS in muscle of 7-d-old 11 pigs suggests an ability of the neonatal pig muscle to maintain muscle mass in the presence of 12 LPS, and this evidence is supported by a lack of change in plasma total AA and α-actin and 13 
